Introduction
Pneumocephalus is a common finding after craniotomy [1] , but tension pneumocephalus is an acute neurosurgical emergency associated with increased intracranial pressure and neurological deterioration [2] . Criteria for the diagnosis of tension pneumocephalus are: (a) Typical computerised tomography (CT) brain findings (b) Neurological deterioration (c) Hissing sound of escape of air from the skull (d) Immediate improvement in the neurological status upon aspiration of air [3] . In clinical practice it is important to differentiate pneumocephalus from tension pneumocephalus. Tension pneumocephalus requires immediate intervention to decrease the intracranial pressure. Tension pneumocephalus rarely causes diabetes insipidus and never reported to cause fatal cerebral venous sinus thrombosis (CVST). We report a case of tension pneumocephalus causing diabetes insipidus and cerebral sinus thrombosis.
Case Presentation
A 38-year-old male patient, with no abnormal neurological clinical features and a Glasgow Coma Score (GCS) of 15/15, was admitted with a left frontal tumour extending into the lateral ventricle. The only significant past medical history was diarrhoea four days before admission. Magnetic resonance imaging (MRI) showed normal cerebral sinuses ( Figure 1 ) and haemorrhage Abstract Background: Pneumocephalus after craniotomy will absorb within four weeks, but when air causes pressure affects it is a tension pneumocephalus, which may affect consciousness and requires immediate intervention. Tension pneumocephalus causing cerebral sinus thrombosis is not known in the literature. We report a case of tension pneumocephalus causing diabetes insipidus associated with cerebral sinus thrombosis.
Case description:
A 38-year-old Asian male had craniotomy with excision of a left frontal mass which extended into the lateral ventricles. External ventricular and subdural drains were inserted at the end of the procedure. He received mannitol and furosemide intraoperatively. Immediately after surgery he developed tension pneumocephalus, diabetes insipidus and fever. Two days after surgery, magnetic resonance imaging (MRI) showed transverse, sagittal sinus thrombosis extending into the right internal jugular vein. Pre-operative MRI and thrombophilia markers were unremarkable. Cerebrospinal fluid (CSF) analysis did not demonstrate leucocytosis and did not culture bacteria. Anticoagulation was initiated, but on the third day after surgery he developed severe brain swelling and became brain-dead.
Conclusion:
In our patient tension pneumocephalus was complicated by diabetes insipidus and leading to cerebral sinus thrombosis after surgery.
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CASE REPORT
Check for updates left sided tumor resection. All thrombophilia markers were negative and cerebro-spinal fluid (CSF) analysis showed no bacterial growth. He was started on heparin anticoagulation. Two days after surgery he was obeying commands and his GCS improved to 11/15. His trachea was extubated after a trial of spontaneous breathing. GCS remained 11/15 after extubation. 8 hours after extubation his extra ventricular drain blocked again. Immediate CT had demonstrated hydrocephalus, the extra ventricular drain was reinserted, but his pupils became fixed and dilated with absent brainstem reflexes. He was declared brain death on the third day after surgery.
within the tumour and surrounding oedema. He was admitted to the surgical intensive care unit (SICU) for observation.
He subsequently underwent craniotomy and excision of tumour in a supine position. External ventricular and subdural drains were inserted at the end of surgery. He received total intravenous anaesthesia with propofol, remifentanil, pancuronium, mannitol, furosemide, phenytoin, and dexamethasone, and was stable hemodynamically throughout. Surgical time was 5 hours. At the end of surgery, return of consciousness was delayed. CT scan of his brain demonstrated tension pneumocephalus ( Figure 2 ). The subdural drain was manipulated and a gush of air obtained. He was kept sedated and ventilated in SICU. He became febrile, 39.2 °C, and pupils were 2 mm but reacting to light. Temperature was controlled with paracetamol and a cooling device (Arctic Sun®, Medivance, Louisville, CO). He remained poyluric for 8 hours, serum sodium was elevated to 164 mmol.l -1 with low urinary specific gravity (1.005). He was diagnosed with diabetes insipidus and received desmopressin 4 µg intravenously. He was rehydrated with 0.45% saline intravenously. His neurological status improved to GCS 10/15(E3M6V1). On the first postoperative day MRI showed right transverse, sagittal sinus and right internal jugular vein thrombosis (Figure 3 ) with complete ology for cerebral sinus thrombosis (CVST) worldwide, and in Middle Eastern countries Behcet's disease is the most frequent cause [8] . Of patients who develop CVST, 57% patients will have full recovery [9] . Risk factors for adverse outcome are being male, aged more than 37 years, decreased conscious level, and central nervous system pathology [9] .
Conclusion
Tension pneumocephalus is a rare neurosurgical emergency. In our patient had tension pneumocephalus complicated in to diabetes insipidus and leading to cerebral venous sinuses thrombosis, which was fatal. This is first report of cerebral sinus thrombosis as a complication of tension Pneumocephalus.
Discussion
Pneumocephalus, the presence of air in the cranial cavity without any pressure effects, occurs in most supratentorial craniotomies. It takes up to 4 weeks for complete resolution [4] . When intracranial air causes pressure and decreases the level of consciousness, it is termed tension pneumocephalus. Tension pneumocephalus has a reported incidence of 9% [5] .
The risk factors for tension pneumocephalus are head up position during surgery, long duration of surgery, evacuation of chronic subdural hematoma leaving oxygen in the space, intraoperative use of mannitol and furosemide, use of nitrous oxide during anaesthesia, functioning ventriculo-peritoneal (VP) shunt, CSF drainage and insertion of a drain after the cavity has been irrigated [1, 6] . Tension pneumocephalus is diagnosed from clinical deterioration and typical CT findings, the Mount Fuji sign, where there is apparent tenting of the brain tissue. Management of tension pneumocephalus is immediate evacuation of air with reduction of intracranial pressure, either by burr-hole or catheter insertion.
Transient diabetes insipidus has been reported in association with tension pneumocephalus [7] . In a series of 22 cases, of pneumocephalus, 2 patients had tension pneumocephalus and both these patient developed transient diabetes insipidus [5] .
Apart from diabetes insipidus, our patient had cerebral sinus and internal jugular vein thrombosis with diffuse brain swelling and brain death. This cerebral venous sinus thrombosis was on opposite side of the surgery; hence surgery was not the cause for CVTS. This patient was at risk of developing tension pneumocephalus, because we drain CSF during surgery, and give intra-operative mannitol and furosemide. The combined effects of steroid therapy, tension pneumocephalus, diabetes insipidus, high grade fever with severe dehydration and local brain surgery predisposed the development of cerebral sinus thrombosis extending into the jugular vein. In addition, tension pneumocephalus, by increasing the intracranial pressure, and decreasing venous flow in cerebral veins increased the likelihood of vein thrombosis.
Congenital haemophilia is the most common aeti-
